Introduction
A crucial step for cancer cell invasion and metastasis is the breakdown of the extracellular matrix (ECM), which is mediated by proteolytic enzymes such as the matrix metalloproteinases (MMPs). 1, 2 The ECM-degrading activity of MMPs is regulated in situ by a few endogenous inhibitors; tissue inhibitor of metalloproteinase-1 (TIMP-1) is one among them. 3 The mRNA and protein levels of this MMP inhibitor are substantially increased in neoplasia, including colorectal cancer. 4, 5 In contrast to its expected anti-invasive activity, high levels of TIMP-1 in plasma are associated with poor prognosis in colorectal and breast cancers, 6, 7 suggesting that TIMP-1 may have additional biological activities. In line with this, TIMP-1 has been implicated in stimulation of cell growth, inhibition of apoptosis, and induction of angiogenesis. 5, 8, 9 A few studies describing the localization and expression pattern of TIMP-1 in gastric cancer have been published; however, the results of these are highly discordant. In two studies, for example, it was found that TIMP-1 mRNA and protein are predominantly expressed by stromal cells located in the periphery of the tumors, but they did not characterize the TIMP-1-expressing cell type(s). 10, 11 Others, in contrast, point to the cancer cells as the main contributors to the TIMP-1 expression in gastric cancer. [12] [13] [14] More recently, a study disclosed that, in addition to cancer cells, infiltrating inflammatory cells make a substantial contribution to the TIMP-1 expression in gastric cancer. 15 Most of these localization studies have correlated TIMP-1 expression in different cell subpopulations with clinicopathological parameters such as tumor size, depth of invasion, lymph node and distant metastasis, tumor stage, and patient survival. 11, [13] [14] [15] The veracity of these statistical associations, however, may be compromised considering the above-mentioned discrepancies in the description of the TIMP-1 expression pattern. It is, therefore, evident that a reexamination of the expression pattern and cellular localization of TIMP-1 in gastric cancer is highly needed.
In the present study, we have revisited the findings of older studies in gastric cancer to clarify the expression pattern and cellular localization of TIMP-1 in gastric cancer. By using immunohistochemistry and in situ hybridization, we here demonstrate that TIMP-1 is mainly expressed by tumor-associated myofibroblasts (also known as cancer-associated fibroblasts [CAFs]) located in the stromal compartment at the periphery of invasive gastric adenocarcinomas of both intestinal and diffuse subtypes. We did, however, also find TIMP-1 expression in a very minor fraction of endothelial cells and macrophages at the periphery of the cancer as well as in few cancer cells. In addition, we examined the correlation between TIMP-1 expression and clinicopathological parameters and found that TIMP-1 expression is higher in the intestinal subtype compared with that in the diffuse subtype and that its elevated expression levels correlate with increasing tumor, node, metastasis (TNM) stage.
Materials and Methods

Tissue Samples
Formalin-fixed and paraffin-embedded (FFPE) gastric cancer tissue samples were obtained postoperatively from 49 gastric cancer cases from Haukeland University Hospital, Bergen, Norway. The histopathological classification was given according to the Laurén Classification System. Thus, of the 49 gastric cancer cases, 25 were classified as intestinal subtype and 24 as diffuse subtype. According to the criteria of Union for International Cancer Control, the 49 cases were staged as follows: five (10%) stage I, 10 (20%) stage II, 15 (31%) stage III, and 19 (39%) stage IV ( Table 1) . The tissue samples were procured from the Tissue Bank of the Department of Pathology of the Haukeland University Hospital, Bergen, Norway, and the Ethical and Research Committee of the Haukeland University Hospital approved their use (REK 053228). The present study was performed in accordance with the Helsinki Declaration.
Antibodies
Monoclonal mouse antihuman TIMP-1 antibody (clone VT7) was purchased from Dako (Glostrup, Denmark) and has been described previously. 5, 16, 17 Monoclonal antibodies (mAbs) against pan cytokeratin (pan-CK; clone AE1/AE3) were used for the detection of cancer cells, anti-CD68 mAb (clone PG-M1) for detection of macrophages, anti-α-smooth muscle actin (α-SMA) mAb (clone 1A4) for detection of myofibroblasts, anti-CD34 mAb (clone QBEnd 10) for detection of endothelial cells, anti-chromogranin A mAb (clone DAK-A3) for Total number of cases  49  25  24  Cases according to TNM stage  I  5  2  3  II  10  5  5  III  15  6  9  IV  19  12  7  Cases according to TIMP-1-positive cell detection of neuroendocrine cells, as well as EnVision horseradish-peroxidase-conjugated polymer antimouse IgG (code K4001) and the EnVision G|2 Doublestain System (code K5361), which were all purchased from Dako. As subtype control, an mAb directed against trinitrophenyl (TNP) hapten (IgG1) was used and previously described. 18 
Immunoperoxidase Staining
Three-micrometer-thick FFPE tissue sections were deparaffinized with xylene and hydrated in gradual series of ethanol-water dilutions. For all tissue sections, heat-induced epitope retrieval in a T/T Micromed microwave processor (Milestone, Sorisole, Italy) was performed at 98°C for 10 min (TIMP-1, α-SMA, CD34, and TNP) or 15 min (CD68 and chromogranin A) in Tris-EGTA (TEG) buffer (pH 9.0; 10-mM Tris, 0.5-mM EGTA). Endogenous peroxidase activity was blocked by incubation in 1% hydrogen peroxide solution for 15 min and, thereafter, washed in Tris-buffered saline (TBS-T; 50-mM Tris-HCL, 150-mM NaCl, 0.5% Triton X-100, pH 7.6), and then manually mounted on Shandon racks with immunostaining cover plates (Thermo Shandon, Pittsburgh, PA). The primary antibodies were diluted in Antibody Diluent with background-reducing components (code S3022; Dako), applied to the sections, and incubated overnight at 4°C at the following dilutions: TIMP-1 mAb: 0.23 µg/ml, α-SMA: 0.4 µg/ml, CD34: 0.13 µg/ml, CD68: 0.3 µg/ml, pan-CK: 0.36 µg/ml, and chromogranin A: 2.1 µg/ml. Subsequently, the primary antibodies were detected with EnVision horseradish-peroxidase-conjugated polymer antimouse IgG for 45 min. Each incubation step was followed by washes in TBS-T. The reactions were visualized by incubating the sections with NovaRed for 9 min (Vector Laboratories, Burlingame, CA) and counterstained with Mayer's hematoxylin for 30 s and, thereafter, dehydrated in ethanol and mounted with Pertex (Histolab Products, Västra Frölunda, Sweden).
Negative Controls
Negative staining controls included (1) substitution of the monoclonal anti-TIMP-1 with an antibody of irrelevant specificity (anti-TNP mAb), incubated at the same concentration to that used for the specific primary antibody, and (2) preincubation of the mAb against TIMP-1 with a 10-fold molar excess of purified recombinant soluble human TIMP-1 protein (kind gift from professor Gillian Murphy, University of Cambridge, UK) for 2 hr at room temperature before application to the tissue sections.
Double-Staining Immunohistochemistry
FFPE sections of 3 µm were double stained using antibodies against TIMP-1 and pan-CK, TIMP-1 and α-SMA, TIMP-1 and CD34, or TIMP-1 and CD68. Double stainings were done with the EnVision G|2 Doublestain System, following the manufacturer's instructions with minor modifications. Antigen retrieval was performed by heat-induced epitope retrieval by 15 min in TEG buffer as described above. After pretreatment, the slides were mounted on Shandon racks with immunostaining cover plates (Thermo Shandon). The endogenous peroxidase activity was blocked by incubating with Dual Endogenous Enzyme Block reagent provided in the kit for 15 min (Dako). The TIMP-1 mAb was diluted in Antibody Diluent with background-reducing components (0.23 µg/ml), incubated for 2 hr at room temperature, detected with Polymer/HRP (45 min; Dako), and developed with diaminobenzidine (DAB) chromogene. Subsequently, Doublestain Block reagent was applied to the slides and incubated for 15 min. The second primary antibody was diluted in Antibody Diluent with background-reducing components (pan-CK: 0.36 µg/ml, α-SMA: 0.4 µg/ ml, CD34: 0.13 µg/ml, or CD68: 0.3 µg/ml) and incubated overnight at 4°C. Rabbit/Mouse (LINK; Dako) reagent was subsequently applied to the slides and incubated for 30 min. The second primary antibody was detected with Polymer/AP reagent (45 min; Dako) and visualized with Permanent Red (Dako). The slides were counterstained with Mayer's hematoxylin and were finally dehydrated in an oven at 60C for 1 hr before coverslips were mounted with Pertex (Histolab Products).
In Vitro Transcription and In Situ Hybridization
The generation of the antisense and sense TIMP-1 riboprobes, in vitro transcription, and in situ hybridization were performed as described previously. 4, 5, 19 Briefly, antisense and sense TIMP-1 riboprobes were generated from PCR constructs f104, f105, and f106. 4 The 35 S-radioactivity concentration of the probes was adjusted by dilution in 10-mM 1,4-dithiothreitol (DTT) and deionized formamide to 500,000 cpm/µl. Under RNasefree conditions, 3-µm-thick tissue sections were deparaffinized, hydrated, and pretreated with TEG buffer for 10 min at 98°C. The sections were developed after exposure to autoradiographic emulsion (ILFORD Imaging UK Limited, Mobberley, UK) for 7 days at 4°C (some of the sections were in addition exposed for 15 days). 5, 19 
Statistical Analysis
The chi-square test was done to evaluate the possible difference between intestinal and diffuse histological subtypes regarding the frequency of cases having TIMP-1-positive cells. The trend exact test was performed to determine whether the frequency of cases with TIMP-1-expressing cells varies according to the TNM stage. p values less than 0.05 were considered significant in all cases. Statistical calculations were done using SAS (version 9.1; SAS Institute, Cary, NC).
Results
Localization of TIMP-1 in Gastric Cancer
The localization of TIMP-1 protein was determined using immunohistochemistry in FFPE tissue sections from 49 gastric cancer cases. Overall, TIMP-1 immunoreactivity was observed in all 25 intestinal and 24 diffuse subtypes of gastric cancer (Fig. 1 ).
In 22 intestinal subtype cases, strong staining was predominantly observed in stromal fibroblast-like cells located at the invasive front of the malignant growth ( Fig. 1A and B ). TIMP-1 immunoreactivity was also pronounced in fibroblast-like cells located in the stromal compartment toward the luminal side of the gastric mucosa, in particular underneath ulcerative wounds in all 10 intestinal cases where this tissue structure was present (Fig. 1C ). In the diffuse subtype of gastric cancer, stromal fibroblast-like cells surrounding small cancer cell "islands" and in the periphery toward the luminal side of the tumors showed intense TIMP-1 staining (13 and six cases, respectively; Fig.  1D ). Scattered fibroblast-like cells located in the central areas of the tumor also showed TIMP-1-positive staining in 13 intestinal and nine diffuse gastric cancers (data not shown).
In addition, weak TIMP-1 staining was observed in a small subpopulation of gastric cancer cells in four cases of the intestinal subtype and five cases of the diffuse subtype ( Fig. 1E-G) . Intriguingly, we observed intense cytoplasmic TIMP-1 immunoreactivity in single cells scattered between epithelial cells, in particular at the bottom of the crypts, in normal-appearing gastric mucosa adjacent to the cancer (Fig. 1H ). These cells have previously been reported as neuroendocrine cells. 17 In fact, immunohistochemical staining of parallel tissue sections for chromogranin A, a marker of neuroendocrine cell differentiation, showed intense staining of cells at the bottom of the crypts, in a pattern similar to that observed for the TIMP-1 staining (Fig.  1I ). No TIMP-1 staining was observed in either epithelial cells or the lamina propria in nonneoplastic mucosa (data not shown).
We also found TIMP-1 immunoreactivity in fibroblast-like cells surrounding small arteries distant to the cancer area in seven cases of the intestinal subtype and four cases of the diffuse subtype (data not shown). The number of cases with TIMP-1-positive staining at different locations and cell types is summarized in Table 1 .
The specificity of the anti-TIMP-1 mAb was challenged by preincubation of the antibody with a 10-fold molar excess of recombinant human TIMP-1 protein before adding it to the tissue sections. As compared with tissue sections incubated with the anti-TIMP-1 mAb alone (Fig. 1J) , no staining was observed after applying this mixture to adjacent tissue sections ( Fig.  1K ). We also substituted the anti-TIMP-1 mAb with anti-TNP, an mAb of irrelevant specificity. No specific staining was obtained with this mAb when incubated at similar concentration as the anti-TIMP-1 mAb ( Fig 1L) .
TIMP-1 mRNA Expression in Gastric Cancer
The expression of TIMP-1 was also analyzed in parallel on 19 representative tissue samples of gastric cancer (10 of the intestinal subtype and nine of the diffuse subtype) by in situ hybridization with an antisense probe specific for TIMP-1 to determine the site of synthesis. In accordance with the immunohistochemical analysis, TIMP-1 mRNA expression was observed in all samples of intestinal and diffuse subtypes ( Fig. 2 ). In nine out of 10 cancer cases of the intestinal subtype, TIMP-1 mRNA signal was primarily seen in stromal fibroblast-like cells located at the peripheral invasion zone of the malignant lesion, in a similar pattern as found for TIMP-1 protein ( Fig. 2A , D, and G). A few scattered fibroblast-like cells located in the central areas of the tumor also showed weak TIMP-1 mRNA signal in eight of the analyzed intestinal subtype cases (data not shown). In seven out of nine diffuse subtype cases, high TIMP-1 mRNA expression was mainly observed in fibroblast-like cells around small clusters of gastric cancer cells both at the peripheral invasive front and in central areas of the tumor (Fig. 2B and E) , also in a pattern similar to that found for TIMP-1 protein.
In both intestinal and diffuse cancer subtypes, strong TIMP-1 mRNA signal was seen in fibroblast-like cells located in the tumor stroma toward the gastric lumen (data not shown). In five intestinal subtype and three diffuse subtype gastric cancer cases, a few TIMP-1 mRNA expressing fibroblast-like cells were also observed around small arteries, not directly associated with the cancer area (data not shown).
In agreement with the results from the immunohistochemical analysis, weak TIMP-1 mRNA signal was seen in a small fraction of the cancer cells in four intestinal subtype and five diffuse subtype cases when the hybridized sections were exposed for 15 days (normally exposing time was only 7 days; Fig. 2C and F). Importantly, these are the same cases showing TIMP-1 immunoreactivity in cancer cells, strongly indicating that TIMP-1 is synthesized by these cancer cells. No TIMP-1 mRNA signal was seen in the normal-appearing gastric mucosa adjacent to the cancer growth (data not shown). Surprisingly, we did not find any TIMP-1 mRNA in the neuroendocrine cells scattered between epithelial cells at the bottom of the crypts, in normal-appearing gastric mucosa adjacent to the cancer. This is in contrast to the immunohistochemical analysis where these neuroendocrine cells showed TIMP-1 cytoplasmic staining.
As the negative control, adjacent sections from all the 19 cases were hybridized with a TIMP-1 sense probe, showing no specific signal (see Fig. 2H and I, as compared with antisense probe shown in Fig. 2G ).
Characterization of TIMP-1-Expressing Cells in Gastric Cancer
As described above, both immunoperoxidase staining and in situ hybridization showed that TIMP-1 protein and mRNA are predominantly expressed by stromal fibroblast-like cells surrounding the cancer lesions. To determine the identity of these TIMP-1 expressing cells, we performed double staining for the simultaneous detection of TIMP-1 and any of the following antigens: α-SMA (myofibroblasts), cytokeratin (cancer and epithelial cells), CD34 (endothelial cells), and CD68 (monocytes/macrophages) on tissue sections from five representative cases. Double immunohistochemistry revealed that TIMP-1 is primarily expressed by α-SMA-positive stromal cells at the invasive front of the gastric cancers in all samples tested ( Fig. 3A and  D) . As α-SMA is a marker for myofibroblasts, 20 this indicates that the cellular source of TIMP-1 is tumorassociated myofibroblasts (also known as CAFs). TIMP-1 staining was also seen in α-SMA-positive stromal cells toward the luminal side of the gastric mucosa (data not shown). Not all α-SMA-positive cells expressed TIMP-1 but only a subpopulation of them. We also confirmed that some of the cancer cells at the invasive front were positive for TIMP-1 (Fig. 3C) .
TIMP-1 positivity was also seen in some CD34positive endothelial cells found close to the tumor periphery ( Fig 3E) as well as in vascular structures distant to the cancer (data not shown) and in very few CD68-positive macrophages also at the tumor periphery (Fig. 3F ).
TIMP-1 Expression in Relation to Clinicopathological Aspects of the Gastric Cancer
In previous studies in gastric cancer, the intensity of the TIMP-1 immunostaining in stromal cells has been correlated with TNM stage, depth of tumor invasion, and patient survival. 11 These observations prompted us to explore whether the expression of TIMP-1, as determined by immunohistochemistry, was correlated with clinicopathological aspects of the disease in our set of cases. Interestingly, we found that the number of cases showing TIMP-1 immunoreactivity in tumorassociated myofibroblasts at the invasive front of the tumors was significantly higher in the intestinal histological subtype than in the diffuse histological subtype of gastric cancer (88% and 54%, respectively; p=0.009, χ 2 = 6.87, Table 1 ). Furthermore, we found a significant trend to a higher number of cases showing TIMP-1 staining in tumor-associated myofibroblasts with increasing TNM stage (trend exact test p=0.041, Table  1 ). The latter analysis was also done after stratifying the cases according to histological subtype, and similar trends were also suggested although not significant (not shown), probably due to the low number of cases within each histological subtype (Table 1 ).
Discussion
Despite that several studies have described the expression pattern and cellular localization of TIMP-1 in gastric cancer, the results of such reports are highly discordant. [10] [11] [12] [13] [14] [15] Considering that most of these studies have reported correlation between TIMP-1 expression and several clinicopathological parameters and that the TIMP-1 expression pattern has not been properly determined, compromising thus the veracity of these statistical associations, a reexamination of the expression pattern and cellular localization of TIMP-1 in gastric cancer is imperative. In this study, we have therefore performed thorough immunohistochemical and in situ hybridization analyses to provide an accurate characterization of the expression pattern and cellular localization of TIMP-1 in gastric cancer.
The present study shows that TIMP-1 is mainly located in a subpopulation of tumor-associated myofibroblasts (also known as CAFs), primarily in the invasion zone. In a few cases, however, TIMP-1 is located in a small fraction of cancer cells, similar to what has been reported in colorectal cancer. 4, 21 We also show that TIMP-1 is present in cells located in the vascular structure and in very few macrophages located peritumorally at the invasive front. The localization of TIMP-1 protein has been obtained using a thoroughly characterized mAb against human TIMP-1. 5, 16, 17 The site of synthesis, that is the location of the TIMP-1 mRNA expression, has been determined using a specific antisense RNA probe derived from human TIMP-1 cDNA. 4 In addition, we challenged the specificity of these reagents by including stringent negative controls such as preincubation of the anti-TIMP-1 mAb with recombinant TIMP-1 protein, the use of a subtype control mAb directed against an irrelevant antigen (TNP), and the in situ hybridization of adjacent tissue sections with a TIMP-1 sense probe, all of them showing no specific reactions. We, therefore, conclude that the observed TIMP-1 staining and mRNA signal represent genuine TIMP-1 expression.
The strongest contribution to the expression of TIMP-1 in our set of gastric cancer samples was from a subpopulation of tumor-associated myofibroblasts located in the periphery of the tumors. These are definitely newly formed accessory cells participating in the invasive process. The finding is consistent with studies by Holten-Andersen et al. 4 and Illemann et al. 5 in colorectal cancer. Two studies in gastric cancer reported that peritumoral stromal cells are the main contributors to the TIMP-1 protein and mRNA; however, no characterization of the cell type(s) expressing neither protein nor mRNA of this inhibitor was performed. 10, 11 In contrast, our results strongly disagree with studies in gastric cancer by Murray et al., 12 Zhang et al., 13 Seo et al., 14 and Mroczko et al., 15 who found TIMP-1 immunostaining exclusively or predominantly in the neoplastic cells. Two studies 12,15 also detected TIMP-1 in macrophages, polymorphonuclear leukocytes, and lymphocytes. Intriguingly, none of these investigations reported TIMP-1 immunoreactivity in fibroblastic cells.
The discordances between our results and those of the above-mentioned immunohistochemical studies in gastric cancer are most likely explained by methodological differences. First, the anti-TIMP-1 mAbs employed are different, and no detailed information regarding the generation and characterization of those antibodies has been presented; therefore cross-reactivity problems due to low specificity or affinity cannot be totally excluded. Second, important information about the immunostaining procedure was not disclosed by some of the previous studies, specifically the buffer used for antigen retrieval and the temperature in which this step was done, the concentration of primary antibody, and the incubation time for the secondary antibody. [12] [13] [14] [15] Epitope unmasking is a crucial step in immunohistochemistry and must be carefully optimized because this strongly influences the intensity and specificity of the staining. 17, 22, 23 Finally, for most of these previous investigations, the controls employed for testing the specificity of the TIMP-1 immunostaining reactions were not optimal. [10] [11] [12] [13] [14] Despite all these methodological considerations, we should not disregard the possibility that ethnic differences in the patient populations may also contribute to the disparities between the previously published reports and between these and our study.
We found that most of the TIMP-1-expressing cells had a fibroblast-like morphology and coexpressed α-SMA, a molecule typically expressed by myofibroblasts adjacent to cancer cell nests. 20 Hence, based on the spindle-shape morphology and their peritumoral localization, we concluded that these cells were indeed myofibroblasts. Studies in colorectal cancer and colorectal liver metastasis have also identified the stromal fibroblast-like cells expressing TIMP-1 in these lesions as myofibroblasts. 4, 5 Myofibroblasts (also known as CAFs) are important components of the tumor-reactive stroma that contribute actively to tumor progression. 20 Myofibroblasts are among the most important sources of proteins involved in ECM remodeling, including collagen type IV, all the members of the plasminogen activation system (uPA, uPAR, and PAI-1), several MMPs (e.g., MMP2, MMP11, MMP13), and TIMP-1. 4, 5, [23] [24] [25] [26] [27] [28] Importantly, for several of these molecules, high expression has been correlated to poor prognosis in various types of cancer. 6, 26, 28, 29 A recent in vitro study showed that fibroblasts treated with TGFβ1 acquire a myofibroblast phenotype with increased α-SMA expression and substantial upregulation of TIMP-1 protein. 30 Also, it has been shown that TIMP-1 is induced in human prostate stromal fibroblasts when treated with conditioned media from androgen-resistant prostate cancer cell lines, but the secreted factor(s) responsible for this effect were not identified. 31 It is important to explore in vivo the potential correlation between the expression of TIMP-1 and cytokines or growth factors to elucidate the potential inducer(s) of this inhibitor in the local microenvironment of gastric tumors.
Despite the major contribution of myofibroblasts to the TIMP-1 expression in gastric cancer lesions, an intriguing observation made during our study was nonetheless the unexpected presence of TIMP-1 immunoreactivity in neuroendocrine cells, which are negative for TIMP-1 mRNA. Although strong TIMP-1 protein expression in neuroendocrine cells has been previously reported in the esophagus, stomach, small intestine, colon, and rectum, 17 to our knowledge, TIMP-1 mRNA has not been detected. In vivo and in vitro studies in several other human normal and neoplastic cells of neuroendocrine origin have found expression of TIMP-1 at the protein and mRNA level. 17, 31, 32 The function of TIMP-1 in neuroendocrine cells is unclear, but it has been suggested that TIMP-1 upregulation is an outcome of neuroendocrine cell differentiation. 17, 31, 32 In fact, there is good correlation between TIMP-1 and chromogranin A levels in tumor tissue and blood of castration-resistant prostate cancer patients. 31 It is unknown, however, when during neuroendocrine cell differentiation is TIMP-1 expression induced. Based on this evidence, it is tempting to speculate that the absence of TIMP-1 mRNA signal in neuroendocrine cells of the normal-appearing gastric mucosa may be connected to the downregulation of TIMP-1 transcription due to the state of differentiation of these cells.
A particularly interesting finding in the present study was the significant difference in the expression of TIMP-1 between histological subtypes of gastric cancer. Specifically, we found that the number of cases showing TIMP-1-positive staining in myofibroblasts located at the peripheral invasive front of the tumor was higher in the intestinal subtype than in the diffuse subtype. Previous investigations in gastric cancer have explored the link between TIMP-1 and the histological subtype by performing immunohistochemistry, 11 RT-PCR, 33, 34 or ELISA [35] [36] [37] ; however, none of them revealed a statistically significant correlation. Intestinal and diffuse subtypes of gastric cancer show very different histological features, 38, 39 as reflected at the molecular level. 40, 41 Our finding suggests that TIMP-1 is among the complex array of molecules that are differentially induced between the two histological subtypes of gastric cancer. Future studies should clarify the link between these two parameters and the biological relevance that this may have.
Another important finding in this study was the increment in the number of cases having TIMP-1positive myofibroblasts in connection to TNM stage. This is consistent with previous studies reporting a significant correlation between TIMP-1 expression and pathological tumor stage at the mRNA 33 and protein level in both tissue 11 and serum. [35] [36] [37] 42 These and our findings, taken together, clearly indicate that in gastric cancer, the expression of TIMP-1 gets further upregulated as the disease progresses, which probably is a secondary event to the tumor disease. This phenomenon has also been observed in other malignant tumors of the gastrointestinal tract, including colorectal and esophageal cancers. 4, 6, 43, 44 According to this, high TIMP-1 levels may be an indication of more advanced and aggressive tumors, suggesting a potential use of TIMP-1 as a biomarker for assessing gastric cancer patient outcome. In colorectal, breast, lung, and prostate cancers, for example, TIMP-1 has convincingly shown prognostic utility, specifically in predicting patient survival. 6, 7, [45] [46] [47] [48] Also, in some of these cancer types, TIMP-1 has been suggested as a diagnostic and predictive marker. 49, 50 The link between TIMP-1 and patient outcome has also been suggested in gastric cancer by using several approaches, including RT-PCR, immunohistochemistry, and ELISA (both in tissue extracts and serum/plasma) 11, 35, 37, 42, 51 ; however, most of these studies are relatively small and present some methodological deficiencies. Larger prospective trials are, therefore, needed not only to validate the prognostic utility of TIMP-1 but also to investigate the potential of this molecule as a diagnostic or predictive marker in gastric cancer.
In conclusion, this study adds relevant information with regard to the expression of TIMP-1 in gastric cancer. First, we disentangle the so far blurred expression pattern of TIMP-1 and show that this protein is primarily expressed by stromal myofibroblasts located in the periphery of cancer lesions, which possibly represents a secondary marker of invasive growth. Second, our study adds new information by revealing that TIMP-1 expression is dissimilar between histological subtypes of gastric cancer, being higher in the less malignant intestinal type than in the diffuse type. We also confirm previous reports indicating that TIMP-1 expression generally increases as the disease gets further advanced. The suggested properties of TIMP-1 as a proliferative, proangiogenic, and antiapoptotic molecule, 5, 8 in conjunction with its convincing association with poor patient outcome in several cancers, advocate for studying the relation of TIMP-1 with histological subtype and tumor stage in larger groups of gastric cancer patients. This is important to further evaluate the potential of TIMP-1 as a novel biomarker in clinical settings. Importantly, the present study underlines the relevance of a precise cellular localization of potential tumor markers with complex functions before drawing any solid conclusions on potential associations between those molecules and clinicopathological parameters.
